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Introduction: Diesel oil is the most used petroleum product in Iran and other 
countries. The majority of diesel oil is stored in underground reservoirs and Fuel 
stations. This product can heavily pollute the adjacent soil. Diesel oil pollution has 
some ecological effects on soil that disturb the composition and diversity of the 
microbial community. The present research aimed to investigate the effects of diesel 
oil pollution on two different types of soil. 

Materials and Methods: To examine the effects of diesel oil on microbial 


Keywords: communities, two different types of soil (industrial and forest types) were collected 
Biodegradation from Kerman province, Iran. Six microcosms were designed based on three 
Diesel oil microcosms existing in each type of soil, including unpolluted microcosm, polluted 
Microcosm microcosm, and polluted microcosm with nutrients (Nitrogen and Phosphor). Some 
Pollution factors were assayed in each microcosm during 120 days of the experiment. These 


Soil factors included total heterotrophic bacteria, total diesel oil-degrading bacteria, 
dehydrogenase enzyme, and diesel oil biodegradation. 
Results: The quantity of diesel oil-degrading bacteria was significantly lower than 
heterotrophic bacteria in all soil microcosms. The quantity of diesel oil-degrading 
bacteria had a decrement pattern until day 60 of the experiment, but after that, these 
bacteria had an increment pattern. The best dehydrogenase activity between different 
microcosms was related to polluting microcosms with diesel oil except for farmland 
soil. The highest biodegradation of diesel oil in all studied soil types belonged to the 
industrial microcosm (95%). Statistical analysis of the results indicated a significant 
correlation between the most probable number quantity of heterotrophic bacteria and 
other assayed factors. Forest soil was significantly different from other soil types. 
Conclusion: Given the obtained results of the current research, that forest soil is more 
sensitive to diesel oil pollution, compared to industrial soil. It is, therefore, possible to 
propose appropriate strategies for the bioremediation of different studied soil types. 


1. Introduction 


Diesel fuels are complex mixtures of saturated 
hydrocarbons (primarily paraffin, including n, iso, and 
cycloparaffins) and aromatic hydrocarbons (including 
naphthalene and alkylbenzene) obtained from the middle- 
distillate, gas-oil fraction during petroleum separation}. 
Diesel oil pollution is an environmental problem of 
increasing importance. Diesel oil spills from pipeline 
ruptures, tank failures, various production storage 
problems, and transportation accidents are the most 
frequent causes of soil and groundwater pollution?. Soil 


contamination with diesel oil negatively affects the soil 
ecosystem, food cycle, and microbial communities?. [ran is 
one of the world’s oil-rich countries, and every year large 
amounts of diesel oil from the southern parts are extracted 
and refined in other areas. The release of diesel oil into the 
soil during transportation and refining causes pollution of 
soil and thus causes environmental contamination. Diesel oil 
pollution causes a decrease in the diversity of soil fauna and 
flora. Moreover, the spread of the contamination through 
rainwater cause polluted agricultural areas and 
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underground water. A variety of methods have been 
developed to treat diesel oil contamination. While many 
established physical and chemical methods are efficient, 
they are also expensive and can cause recontamination by 
secondary contaminants*. Remediation of affected areas 
with the use of microorganisms can offer a cost-effective 
solution for restoring the ecosystem and can ensure clean 
groundwater supplies. Several researchers have reported 
microorganisms with enhanced oil-degrading abilities 
isolated from natural habitats historically contaminated 
with oil5. Bioremediation processes are significantly 
affected by the inherent capabilities of the microorganisms, 
their ability to overcome the bioavailability limitations in 
multiphase environmental scenarios (oil-water-soil), and 
environmental factors, such as temperature, pH, nutrients, 
and electron acceptor availability®. The current study 
aimed to study the response of the soil microbial 
community to diesel oil contamination. In this study, two 
types of soil, namely forest and industrial soil, were 
selected, and the response of each type of soil to diesel oil 
contamination was measured separately. To compare the 
effect of diesel oil contamination on these types of soil, 
some microbial and biochemical factors were assayed. 


2. Materials and Methods 
2.1. Sampling 


Soil samples were collected from two different 
ecosystems of forest and industrial area. Forest soil was 
collected from the Ghaem forest at Kerman provenance, 
Iran, and industrial soil was collected from the Gol Gohar 
mine in Sirjan, Kerman provenance, Iran. Sampling was 
performed under sterile conditions. The first 10 cm of soil 
was removed, and about 3 kg of soil was poured into sterile 
containers. Soil samples were transported to the 
laboratory on ice and kept at 4°C until further study’. 


2.2. Set-up of the microcosm systems and experimental 
planning 


Microcosm is a small environmental laboratory 
designed to test conditions. Four different microcosms 
were performed in glass tanks (50 cm long, 10 cm deep, 
and 25 cm wide). Soils were sieved. 

Microcosms were incubated in the dark at 25°C for 120 
days. The water content of the microcosms was adjusted 
and maintained at 60 % of its water-holding capacity 
during the whole incubation period. The aerobic condition 
was maintained by mixing the microcosm’s content every 
day. The soil samples were taken from each microcosm five 
times, including days 1, 30, 60, 90, and 1208. 


2.3. Serial dilution method 


Measurements of bacterial abundance within each type 
of soil in the designed microcosm were performed by serial 
dilution procedure’. Heterotrophic bacteria in soils were 
estimated by spreading 100 uL of 10-fold diluents on Nutrient 


Agar medium plates and incubating at 30°C for 3 days. Diesel 
oil-degrading bacteria in soils were estimated by spreading 
100uL of 10-fold diluents on plates of Bushnell Hass Agar 
medium with diesel oil and incubating at 30°C for 7 days. The 
results were expressed as CFU-g-11. 


2.4. Most probable number of heterotrophic and diesel 
oil-degrading bacteria 


Total heterotrophic and diesel oil-degrading bacteria in 
each microcosm were enumerated by a miniaturized most 
probable number (MPN) method". Nutrient broth and 
Bushnell-Hass media were used to enumerate total 
heterotrophic and diesel oil-degrading bacteria, respectively. 
Sterile diesel oil (1 %) was used as a selective growth 
substrate to enumerate diesel oil-degrading bacteria. Soil 
samples were diluted in a saline buffer solution that 
contained 0.1% sodium pyrophosphate (pH 7.5). Ten-fold 
serial dilution was performed in microplates that were 
inoculated by adding 20 uL of each dilution to 1 of the 12-row 
wells. Diesel oil (1%) was applied to the samples as described 
above. The first row of each plate served as sterile control. 
Microplates were incubated at 20 + 1°C for 15 days. The MPN 
was carried out in triplicate. The MPN counts were 
performed with the computer program MPN calculator?2. All 
matrials were purchased from Merck Co., Germany. 


2.5. Measurement of residual diesel oil 


The diesel oil removal assay in the soil of microcosms was 
carried out by dissolving the residual diesel oil in the soil 
samples in dichloromethane and reading the optical density 
of the oil extract against blank (distill water) at 420 nm’. 


2.6. Dehydrogenase activity 


Dehydrogenase activity was determined by a 
colorimetric method using 2, 3, 5- triphenyltetrazolium 
chloride as substrate. Soil samples were incubated at 37°C 
for 24 hours, and the reaction product, the 1,3,5- 
triphenylformazan, was extracted by methanol and was 
quantified by spectrophotometer (Shimadzu UV-160, 
Japan) at 488 nm". 


2.7. Data analysis 


The results of all factors examined in each microcosm 
during different incubation times with three replications 
were entered into SPSS software. The relationship between 
different factors was analyzed. ANOVA test was used to 
investigate the effect of incubation time on measured 
factors in soil microcosms Duncan’s test was used to test 
the significant level of 0.05. 


3. Results 
3.1. The heterotrophic bacteria in soil microcosms 


The quantities of heterotrophic bacteria in two studied 
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Figure 1. Enumeration of heterotrophic bacteria with serial dilution and MPN methods in studied soil microcosms 


microcosms in different conditions were measured by 
serial dilution method. The number of heterotrophic 
bacteria had different patterns in these two soil types as 
the increase in the quantity of these bacteria in industrial 
soil took place on day 60 of incubation, whereas this 
increment for forest soil microcosms was on day 90 (Figure 
1). The number of heterotrophic bacteria in forest soil 
(6x10?) was higher than in industrial soil (7x108). 

Figure 1 shows the MPN of heterotrophic bacteria in the 
microcosms of the current study. As can be seen, a 
reduction pattern of heterotrophic bacteria was observed 
in two polluted soil microcosms till day 60, but after that, 


a co 


udo of degrading baeas betes) 
: 


the quantity of heterotrophic bacteria increased. After day 
60, an unpolluted microcosm continues the reduction. The 
maximum MPN values of heterotrophic bacteria in forest 
and industrial soil were 3x101 and 7x10! (cell/g), 
respectively 


3.2. The diesel oil-degrading bacteria in soil microcosms 


Diesel oil-degrading bacteria were counted in the 
Bushnell Hass medium, with diesel oil as the only carbon 
and energy source. The results of this enumeration are 
illustrated in Figure 2. As indicated, the number of diesel 
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Figure 2. Quantification of diesel oil-degrading bacteria by serial dilution and most probable number methods in studied soil microcosms 
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oil-degrading bacteria in soil microcosms reduced until day 
60 of treatment, but after that, the number of diesel oil- 
degrading bacteria increased in all microcosms except in 
uncontaminated microcosms (FN and IN). Generally, the 
number of diesel oil-degrading bacteria in all types of soil 
was dramatically less than that of heterotrophic bacteria in 
soli samples since diesel oil-degrading bacteria only used 
diesel oil, but heterotrophic bacteria could use other 
carbonic resources. The highest quantities of diesel oil- 
degrading bacteria in forest and industrial soil were 1x106 
and 2x106 (CFU/g), respectively. 

Diesel oil-degrading bacteria were quantified in the 
MPN method using diesel oil as the only carbon source and 
turbidity as a positive MPN indicator. As indicated in Figure 
2, the quantity of diesel oil-degrading bacteria slowly 
increased. This pattern could be attributed to the toxic 
effect of diesel oil and bacteria adapted after passing the 
time. As can be seen in Figure 2, the number of diesel oil- 
degrading bacteria in contaminated microcosms with 
nutrients (FNP and INP), was higher than in other 
microcosms (FN, FP, IN, and IP). The highest MPN values of 
diesel oil-degrading bacteria in forest and industrial soil 
types were 9x103 and 8x104 (cell/g), respectively. 


3.3. Dehydrogenase activity in the microcosms of the 
study 


In industrial soil microcosms, the dehydrogenase 
enzyme increased in activity until day 30 of the 
experiment, and after that, the activity of the enzyme 
dramatically decreased (Figure 3). However, the opposite 
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Figure 3. The activity of dehydrogenase enzyme in designed soil 
microcosms 
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Figure 4. The percentage of diesel oil degradation in soil microcosm’s 
during 120 days of the experiment 
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pattern was seen in the forest soil microcosms as the 
reduction in activity was seen until day 30 of incubation, 
followed by an increment pattern. Among three different 
kinds of the microcosm, polluted microcosm of oil (FN and 
IP) had the highest dehydrogenase enzyme activity. At least 
the activity of this enzyme was related to forest soil, with a 
value of 0.1 on day 30. 


3.4. Diesel oil degradation in microcosms of the study 


The percentage of diesel oil degradation was calculated 
for each soil microcosm separately. As illustrated in Figure 
4, it is confirmed that by passing the incubation time, the 
rate of diesel oil degradation in all microcosms has an 
increasing pattern. Thus, the lowest degradation 
percentage occurred on the first day of the experiment, and 
the highest diesel oil degradation occurred on the last day 
of the experiment (day 120). However, this pattern and the 
degrading rate were unequal in all microcosms. The 
highest percentage of diesel oil degradation is related to 
polluted microcosms with nutrition (FNP and INP). 


3.5. Statistical analysis of data 


The obtained results indicated a significant relationship 
between the total number of heterotrophic bacteria (MPN) 
with other investigated factors (Table 1, p < 0.05). Other 
study factors were not significantly different (p > 0.05). 
The effect of incubation times on evaluated factors and 
especially the percentage of diesel oil degradation are 
presented in Table 2. The evaluated factors indicated 
significant differences on days 90 and 120 of the 
experiment, compared to other time 


Table 1. Relationship of assay factors in mesocosms 


Factor assay Duncana» N 1 subset 2 
Enzyme 2.89E+10 2.12E+01¢ 

Degradation 2.89E+10 4.67E+0 1b 

CFU degrader 2.89E+10 3.50E+05¢ 

MPN degrader 2.89E+10 5.41E+04> 

CFU heterotroph 2.89E+10 6.61E+082 

MPN heterotroph 2.89E+10 6.69E+08 1.73E+11 


Sig. P<0.05 
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Table 2. The effect of incubation time on measured factors in soil 
microcosms 


Duncana» 

Day N 1 2 3 

0 2.04E+10ə 2.50E+09 

30 2.04E+108 3.96E+09 

60 2.04E+108 4.09E+09 

90 2.00E+10> 3.45E+10 

120 2.00E+10> 5.71E+10 


spans (days 1, 30, and 60, p < 0.05). This result confirmed 
that the main changes in the microbial community took 
place after 60 days of oil pollution. 


4. Discussion 


Industrial soils have chronic contamination with 
petroleum products and heavy metals. The organic carbon in 
this soil is very high, but all soil microorganisms cannot use 
this carbon, and only special bacteria can use these 
pollutants!5. The results of the enumeration of heterotrophic 
and degrading bacteria in industrial soil microcosms 
indicated that the number of heterotrophic bacteria in this 
soil was lower than in forest soil microcosms. Still, diesel oil- 
degrading bacteria had the highest quantity in industrial soil 
microcosms. These results confirmed that although the 
organic carbon in the industrial soil was high, the quantity of 
heterotrophic bacteria was low. This means that petroleum 
products cause the disappearance of sensitive bacteria, and 
only degrading bacteria were selected and prevalent in the 
total microbial community!®. Regarding the response of 
industrial soil microcosms to diesel oil contamination, diesel 
oil contamination had a low effect in this microcosm, 
compared to forest microcosm. Two reasons confirm this 
interpretation. Firstly, the number of heterotrophic bacteria 
increased after day 60 of the experiment, whereas this 
increase in other microcosms took place on day 90 of 
incubation. Secondly, the number of diesel oil-degrading 
bacteria in the industrial microcosm was higher than forest 
microcosm. Chronic pollution that is present in industrial 
soil causes enrichment and selection of degrading bacteria, 
leading to an insignificant effect of diesel oil contamination 
on this soil type!*”. 

Some researchers also studied the effect of diesel oil 
contamination on the soil. For example, Li et al. designed 
110 days experiment to understand the effect of different 
concentrations of diesel oil on industrial soil 
microcosms!8, Their results showed that when 1000 
mg/kg of diesel oil entered the soil, aerobic bacteria 
growth was stimulated, and there was an increase in the 
activity of some enzymes, such as dehydrogenase, urease, 
and polyphenol oxidase. 

Delille and Coulon examined the simulation of diesel oil 
contamination on industrial soil in Belgium, showing that 
diesel oil-degrading bacteria dramatically increase after 
diesel oil contamination!’. They conclude that after 90 days 
of contamination, some biological and chemical properties 
of the soil changed. 

Forest ecosystems are very rich in organic carbon. 
Forest soil humus is high since the plant material and 


10 


rhizosphere activity of microbes enhance the humus of the 
soil. In a study by Radwan et al, the highest quantity of 
heterotrophic bacteria reported in these soil microcosms 
confirmed the abundance of organic carbon in this soil, and 
it is used by all soil microbial communities?°. 

Regarding the response of forest soil microcosms to 
diesel oil contamination, the number of heterotrophic 
bacteria dramatically decreased after diesel oil pollution. 
Diesel oil-degrading bacteria had lower quantities, 
compared to industrial soil microcosms. These results 
suggested that the adaptation of forest soil microbial 
community occurred slowly, compared to industrial soil. 
On the other hand, the microbial community of forest soil 
was more sensitive than industrial soil to diesel oil 
contamination”. 

Some researchers have reported the effect of 
hydrocarbon pollution on forest soil, and their results are in 
agreement with the results of the current study. For 
example, a study on some properties of forest soil and 
microbial factors in Nigeria’s rainy forests after 17 years of 
crude oil contamination indicated that organic carbon 
decreased after oil contamination and the concentration of 
heavy metals increased?!. The results confirmed that crude 
oil contamination caused a dramatic reduction in the 
microbial diversity of forest soil. Another study indicated a 
positive relationship between the remaining diesel oil 
concentration and quantity of organic carbon in forest soil 
with the activity of dehydrogenase and lipase enzyme22. 


5. Conclusion 


Soil pollution by diesel oil is unavoidably present on the 
earth, but the critical point is accurate recognition of its 
negative effects and an attempt to minimize them. The 
results of the present research indicated higher sensitivity 
of forest soil to diesel oil pollution, compared to industrial 
soil. Moreover, the appropriate time for the soil to return to 
normal condition was estimated at 90 days which was 
significantly different from other time spans. Therefore, the 
obtained results of this research, based on the type of soil, 
can be used to recommend suitable strategies for their 
survival. 


Declarations 
Competing interests 


The authors declare that they have no conflict of 
interest. 


Authors’ contribution 

All authors were involved in the conceptualization and 
methodology of the article, data collection, data analysis 
and interpretation, design of the article, review, and final 
approval manuscript. 


Funding 


This study was supported financially by Shahid 


Sabernejad A et al. Research in Biotechnology and Environmental Science. 2022; 1(1): 6-11. 


Bahonar University of Kerman, Kerman, Iran. 


Availability of data and materials 


All data generated or analyzed during this study are 


included in this published article and its supplementary 
information files. 


Ethical considerations 


The authors checked for plagiarism and consented to 


the publishing of the article. The authors have also checked 
the article for data fabrication, double publication, and 
redundancy. 


Acknowledgments 


The authors would like to express their gratitude to 


Bahonar University of Kerman, Kerman, Iran for their 
support. 


References 


1. 


Zanaroli G, Toro SD, Todaro D, Varese GC, Bertolotto A, and Fava F. 
Characterization of two diesel fuel degrading microbial consortia 
enriched from a non acclimated, complex source of microorganisms. 
Microb Cell Factories. 2010; 9: 10. Available at: 
https://link.springer.com/article/10.1186/1475-2859-9-10 

Lee M, Kim MK, Singleton I, Goodfellow M, Lee S-T. Enhanced 
biodegradation of diesel oil by a newly identified Rhodococcus 
baikonurensis EN3 in the presence of mycolic acid. J App] Microbiol, 
100(2): 325-333. DOI: 10.1111/j.1365-2672.2005.02756.x 

Gianfreda L, Antonietta M, Piotrowska A, palumbo G, and Colombo C. 
Soil enzyme activities as affected by anthrogenic alterations: intensive 
agricultural practice and organic pollution. Scien Total Environ. 
2004; 341(1-3): 265-279. DOI: 10.1016/ j.scitotenv.2004.10.005 
Hong JH, Kim J, Choi OK, Cho KS, and Ryu HW. Characterization of a diesel 
degrading bacterium, Pseudomonas aeruginosa IU5, isolated from oil- 
contaminated soil in Korea. World J Microbiol Biotechnol. 2005; 21: 381- 
384. Doi: 10.1007/s11274-004-3630-1 

Hess B, Bekker H, Berendsen HJC, Fraaije JGEM, and J Comp. LINCS: A 
linear constraint solver for molecular simulations. Chem. 1997; 
18: 1463-1472. Available at: https://www.cs.rug.nl/~bekker/ 
publications /lincs.pdf 

Mukherji S and Vijay A. Critical issues in bioremediation of oil and tar 
contaminated sites. In: Proceedings of the international conference on 
advances in civil engineering, Civil Eng Dept., IIT Kharagpur, India, 3-5 
January 2002, pp. 507-516. 

Alef K and Nanniper P. Methods in applied soil microbiology and 
biochemistry, New York: Academic Press; 1995.p. 228. Available at: 
https://www.elsevier.com/books/methods-in-applied-soil- 
microbiology-and-biochemistry/alef/978-0-12-513840-6 

Ives AR, Foufopoulos J, Klopfer ED, Klug JL, and Palmer TM. Bottle or 
big-scale studies: How do we do ecology. Ecol. 1996; 77(3): 681-685. 


11 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21: 


Available at: https://digitalcommons.fairfield.edu/cgi/viewcontent. 
cgi?article=1043&context=biology-facultypubs 

Cappello S, Denaro R, Genovese M, Giuliano L, and Yakimov MM. 
Predominant growth of Alcanivorax during experiments on oil spill 
bioremediation in mesocosms. Microbiol Res. 2006; 162(2): 185- 190. 
DOI: 10.1016/j.micres.2006.05.010 

Robertson S, Rutherford PM, and Massicotte HB. Plant and soil 
properties determine microbial community structure of shared Pinus- 
Vaccinium rhizospheres in petroleum hydrocarbon contaminated 
forest soil. Plant and Soil. 2011; 346: 121. Available at: 
10.1007/s11104-011-0802-2 

Brown EJ and Braddock JF. Sheen screen, a miniaturized Most- 
Probable Number method for enumeration of oil-degrading 
microorganisms. Appl Environ Microbiol. 1990; 56(12): 3895-3896. 
DOI: 10.1128%2Faem.56.12.3895-3896.1990 

Wrenn BA and Venosa AD. Selective enumeration of aromatic and 
aliphatic hydrocarbon degrading bacteria by a most probable number 
procedure. Cana J Microbiol. 1996; 42(3): 252-258. DOI: 
10.1139/m96-037 

Rahman KSM, Thahira-Rahman J, Lakshmanaperumalsamy P, and 
Banat IM. Towards efficient crude oil degradation by a mixed 
bacterial consortium. Biores Technol. 2004; 85: 257-261. DOI: 
10.1016/s0960-8524(02)00119-0 
Hassanshahian M. Isolation 
biosubiosurfactant-producingeria 
provenance). Mar Pollut Bull. 
10.1016/j.marpolbul.2014.06.043 
Barathi S and Vasudevan N. Utilization of petroleum hydrocarbons by 
Pseudomonas fluorescens isolated from petroleum contaminated soil. 
Environ Int. 2001; 26(5-6): 413-416. DOI: 10.1016/s0160- 
4120(01)00021-6 

Del Arco JP and De Franca FP. Influence of oil contamination levels on 
hydrocarbon biodegradation in sandy sediment. Environ Pollut. 2001; 
112(3): 515-519, DOI: 10.1016/s0269-7491(00)00128-7 

Delille D and Coulon F. Comparative mesocosm study of 
biostimulation efficiency in two different oil-amended sub-Antarctic 
soils. Microb Ecol. 2008; 56: 243-252. DOI: 10.1007/s00248-007- 
9341-z 

Li H, Zhang Y, Kravchenko I, Xu H, and Zhang Cg. Dynamic changes in 
microbial activity and community structure during biodegradation of 
petroleum compounds: A laboratory experiment. J Envi Sci. 2007; 19: 
1003-1013. DOI: 10.1016/s1001-0742(07)60163-6 

Ojimba T. Determining the effects of crude oil pollution on crop 
production using stochastic trans log production function in Rivers 
State, Nigeria. J Develop Agri Eco. 2012; 4(13): 346-360. Avaialble at: 
https://academicjournals.org/journal/JDAE /article-full-text- 
pdf/42C8E8D1427 

Radwan SS, Al-Hasan RH, Ali N, Salamah A, and Khanafer M. Oil- 
consuming microbial consortia floating in the Arabian Gulf. Int 
Biodeterio Biodegradation. 2005; 56(1): 28-33. Available at: 
https://inis.iaea.org/search/search.aspx?orig_q=RN:37002947 
Amadi A, Samuel D, and Anthony N. Chronic effects of oil spill on soil 
properties and microflora of a rainforest ecosystem in Nigeria. Wat 
Air and Soil Poll. 1996; 86: 1-11. Doi: 10.1007/BF00279142 

Riffaldi R, Levi-minzi R, Cardelli R, Palumbo S, and Saviozzi A. Soil 
biological activities in monitoring the bioremediation of diesel oil- 
contaminated soil, Wat Air and Soil Poll, 2006; 170: 3-15. Doi: 
10.1007 /s11270-006-6328-1 


and characterization of 
from Persian Gulf (Bushehr 
2014; 86(1-2): 361-366. DOI: 


